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ABSTRACT 
 
 
 
 
A massive growth in the industry of electroplating is associated with an 
increase in the quantity of nickel found in surface water and groundwater.  This 
study focused on the removal of nickel concentration from organic solid waste 
stream of electroplating industry by using coagulation flocculation and ion exchange 
methods.  In this study, various types of coagulants such as chitosan, WPC 6001, 
ferric chloride and polyacrylamide were tested to determine the best coagulant for 
removal of nickel, total suspended solid, chemical oxygen demand and turbidity.  
The effects of process variables such as pH and coagulant dosage on the 
performance of these coagulants were also investigated.  Polyacrylamide (PAA) was 
found to be the best coagulant with percentage of 96.6%, 47.2%, 99.6% and 99.6% 
for removals of nickel, chemical oxygen demand, total suspended solid and turbidity 
respectively at the pH value of 10 and 1.6 mL/L dosage.  From Response Surface 
Methodology (RSM), the optimal conditions for removal of nickel were found to be 
at pH 10.46 and 1.64 ml/L PAA dosage.  Chelating resin was found to be the best 
resin with 99.6% nickel removal at pH value of 4.  The treated wastewater’s nickel 
content meets Standard A of the Malaysian Environmental Standard.  
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ABSTRAK 
 
 
 
 
 Pertumbuhan pesat dalam industri penyaduran dikaitkan dengan peningkatan 
dalam kuantiti nikel yang terdapat di permukaan dan air bawah tanah.  Kajian ini 
memberi tumpuan kepada penyingkiran kepekatan nikel dari aliran sisa pepejal 
organik industri penyaduran dengan menggunakan kaedah pengentalan 
pengelompokan dan pertukaran ion.  Dalam kajian ini, pelbagai ejen pengental 
seperti kitosan, WPC 6001, ferrik klorida dan poliakrilamida telah diuji untuk 
menentukan ejen pengental yang terbaik untuk penyingkiran nikel, permintaan 
oksigen kimia (COD), pepejal terampai dan kekeruhan.  Kesan pembolehubah 
seperti pH dan dos pengental terhadap keberkesanan ejen pengental juga dikaji.  
Poliakrilamida (PAM) didapati merupakan ejen pengental yang terbaik dengan 
peratus penyingkiran  96.6%, 47.2% , 99.6% dan 99.6% bagi nikel, permintaan 
oksigen kimia, pepejal terampai dan kekeruhan pada nilai pH 10 dan 1.6 mL/L dos 
pengental.  Dari Response Surface Methodology (RSM), keadaan optimum bagi 
penyingkiran nikel didapati pada pH 10.46 dan 1.64 mL/L dos pengental 
poliakrilamida.  Resin pengkelatan merupakan resin yang terbaik dengan peratusan 
penyingkiran nikel 99.6% pada nilai pH 4.  Air sisa yang dirawat kandungan 
nikelnya memenuhi piawaian A menurut Sistem Piawaian Alam Sekitar Malaysia.   
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 
The global latent demand for nickel, nickel-alloy wire, insulated wire and 
cable is estimated to be $0.6 billion in 2006.  The distribution of world latent demand 
(potential industry earning) is not even across regions.  The largest market is Asia, 
with $0.2 billion (31.86 percent), followed by North America and the Caribbean with 
$0.2 billion (25.67 percent) and Europe with $0.2 billion (25.16 percent) of the world 
market (Philip, 2005). 
 
 
Ruelle (2010) reported that the mining firm Nickel Asia Corporation 
projected that nickel price will increase from the current $10.75-$10.85 to $11.90 per 
pound by the year 2012.  Nickel is mainly used to produce rust-resistant stainless 
steel.  Also, the demand of stainless steel rose to 9.1 million tons per year in the year 
2012; hence the demand of raw nickel is growing by 8.5% annually in the same 
period.  This figure can stipulate the quantities of nickel discharge to the aquatic 
environment.  Thus, nickel contributes to the major surface water and groundwater 
contaminants.  
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Nickel pollution is invariably hazardous as the effluent contaminates the air, 
water and soil.  Nickel pollution has deleterious effects on human health.  According 
to the Environmental Quality (Industrial Effluent) Regulation of 2009, the effluent 
discharge under Standard A specification shall not exceed 0.2 mg/L (EQA, 2009).  
As a result, decreasing nickel concentration is necessary to reach permissible limits 
before it is discharged to the environment and to ensure that the effluent is within 
permissible levels. 
 
 
The most commonly used methods of chemical treatment are precipitation 
and coagulation flocculation.  The precipitation method can reduce soluble metal 
ions from a solution by producing metal hydroxides.  The process is controlled by a 
simple pH adjustment.  The pH is raised using an alkaline substance such as sodium 
hydroxide or lime.  Then, the solution is converted into an insoluble form and it 
precipitates.  Metcalf and Eddy (2003) reported that the general precipitation 
methods use hydroxides (OH-) and sulfides (S2-). 
 
 
Beside chemical precipitation, Zhen Liang et al. (2009) reported that 
coagulation and flocculation are important processes in waste and wastewater 
treatment.  Most commonly used as coagulant are aluminum based salts and iron 
based salts.  Whereby in the removal of dissolved organic carbons, iron salts have 
been reported to be more effective than alum salts.  This is followed by the 
flocculation process, where ferric chloride is added to wastewater which causes the 
colloidal material to destabilize and small particles to agglomerate by forming a 
large flock to settle (Amudaa and Amoob, 2007).  
 
 
One well-known chemical coagulation and flocculation method uses chitosan.  
Chitosan is a biodegradable polymer, which is a non-toxic linear cationic polymer of 
high molecular weight and is more environment-friendly (Tan et al., 2007).  Chitin, a 
cellulose material similar to biopolymer, is widely distributed in nature, found 
mainlyin marine invertebrates, fungi, insects and yeasts.  Chitosan is a good choice 
3 
 
as a coagulant because it is readily soluble in acid solutions (Mohd Ariffin et al., 
2008).  Pan et al. (1999) reported that in various food wastes processing, chitosan is 
an effective coagulating agent for suspended solids.  The high molecular weight 
(MW) of chitosan enhances the generation of bridging mechanisms (Roussy et al., 
2005).  
 
 
There is a growing interest in the development of natural low-cost materials 
as an alternative to synthetic polyelectrolytes (Vijayaraghavan and Yun, 2008, 
Sharma et al., 2006, Crini 2005).  Numerous studies have proposed a biological 
product as an effective coagulation and flocculation agent (Maximova and Dahl, 
2006, Deng et al., 2005).  Wang et al. (2007) reported types of bioflocculants to 
include biopolymers such as starches, chitosan, alginates and microbial materials 
produced by microorganisms including bacteria, fungi and yeast.  Bioflocculants are 
safe and biodegradable polymers and generate no secondary pollution; they are 
applicable in food, fermentation, and water and wastewater treatment.  Due to public 
concerns of polyelectrolyte toxicity, it is believed that bioflocculants will be used 
more extensively (Bratby, 2007, Sharma and Dhuldhova, 2006, Crini, 2005). 
 
 
 
 
1.2  Problem Statement 
 
 
There is a steady increase in nickel-laden wastewater generated worldwide as 
a result of rapid industrialization.  In the year 2000, 158,000 tons of nickel was used 
in the US, 13 % of which was consumed by the galvanic industry (Spoor, 2002).  The 
annual growth of stainless steel demand has been estimated to increase by 9.1 million 
tons from the year 2009 to 2012.  The result shows a growing demand for raw nickel 
to a tone of 8.5% annually for the same period (Ruelle, 2010). The contaminations 
that release into the water bodies can cause potential hazardous to aquatic, human 
health as well as the environment.  Nickel has been identified to cause serious 
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problems in humans such as allergy, dermatitis, sensitization and lung-nervous 
system damage; in fact, it has been placed on a list of thirteen hazardous metals by 
the US Environmental Protection Agency (Malkoc, 2006).  Thus, it must be treated 
appropriately before being released into the environment. 
 
 
At Seagate International (J) Sdn. Bhd, one of the heavy metals that are found 
to contaminate the wastewater is nickel. The current coagulation flocculation method 
is uneconomic, due to the in efficient removal of nickel despite using a high dosage 
of coagulants. The in efficient nickel removal from coagulation flocculation 
necessitates a subsequent treatment called ion exchange, and constant regeneration is 
needed.  The level of nickel from exhausted ion exchange exceeds Malaysia’s 
industrial effluent specification limit of Standard A (≤ 0.2 mg/L).  This scenario may 
create an excursion condition to Seagate International (J) Sdn. Bhd.  Therefore, the 
wastewater must be treated appropriately before it is discharged into municipal 
drains.  The mean reading for nickel found in the wastewater are shown in Table 1.1. 
 
Table 1.1 : Nickel content at subsequent sampling points 
Parameter OS 
Influence 
(mg/L) 
OS 
Effluent 
(mg/L) 
Final 
Discharge 
(mg/L) 
Standard A 
Specification 
(mg/L) 
 
Nickel 
 
94.3 
 
6.94 
 
0.12 – 0.29 
 
0.2 
    Note:  
    OS – Organic Solid  
 
 
 Chemical precipitation by coagulation and flocculation is an important 
process in waste and wastewater treatment.  It is used to remove heavy metals such 
as nickel, suspended solids (SS), reduce chemical oxygen demand COD and turbidity 
(Amudaa and Amoob, 2007).  Common coagulants include aluminum-based and 
iron-based salts.  Other coagulants include commercial organic coagulants, 
polyacrylamide and chitosan, which is a biodegradable, non-toxic linear cationic 
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polymer with a high molecular weight (Assaad et al., 2007; Ashoka et al., 2007; 
Mohd Ariffin et al., 2008).  At neutral to alkaline pH, ferric salts will precipitate as 
an amorphous hydrated oxide or oxy-hydroxide, which has relatively stable and 
reproducible surface properties. The ability of the ferric hydroxide precipitate to 
absorb ions of heavy metals is characterized in single- and multi-adsorbate systems.  
Heavy metals could be absorbed as cations (Cr+³, Pb+, Cu+², Zn+², Ni+², Cd+²) in a 
neutral to high pH environment, and are absorbed as anions (SeO2-2, CrO4-2, 
VO3(OH)-2, AsO4-3) in a neutral to mildly acidic pH environment (Patoczka et al., 
1998).  Studies agree that ferric chloride is more effective than alum for capturing 
metals from wastewater. It is reported that the efficiency of ferric chloride 
outperformed alum in arsenic removal, with 96% of arsenic remove dusing ferric 
chloride compared to 81% when using alum salts (Johnson et al., 2008). 
 
 
 Studies have also shown that the effectiveness of coagulants is affected by 
dosage, pH and temperature.  These factors need to be tweaked to obtain a high 
efficiency of treatment.  The conventional method to seek optimal conditions is by 
trial and error approach, using jar tests.  This involves changing the levels of one 
factor and at the same time, keeping the others constant, the running the experiment, 
observing the results and moving on to the next factor (Mohd Ariffin et al., 2008). 
This is indeed time and energy consuming.  It is also usually incapable of revealing 
the optimal combination of factors, because it ignores the interaction among them (El 
Karamany, 2010; Trinh and Kang, 2011; Zheng et al., 2012).  Moreover, a majority 
of wastewater treatment processes are contains multiple variables and optimization 
through the classical method is inflexible, unreliable and time-consuming (Bashir et 
al., 2012).  A better alternative is the used of Respond Surface Methodology (RSM) 
because it includes the influences of individual factors as well as the influences of 
their interaction.  RSM is a technique for designing experiments and building models 
which evaluates the effects of several factors to achieve optimum conditions for 
desirable responses with a limited number of planned experiments (Cristian et al., 
2010; Raissi et al., 2009; Zheng et al., 2012).  There are published RSM studies that 
focuses on the usability of RSM for optimization of various types of wastewater 
treatment processes (Bashir et al., 2012; Trinh and Kang, 2011; Zheng et al., 2012). 
6 
 
However, it is observed that works concerning the optimization of nickel removal 
using chitosan are not readily available.  
 
 
 
 
1.3  Research Objective 
 
 
 The main objectives of this research are outlined below. 
 
 To determine the performance of coagulants (chitosan, WPC6001, ferric 
chloride and polyacrylamide) in the removal of nickel from wastewater. 
 
 To determine the effects of coagulant dosage and pH on the performance of 
these coagulants. 
 
 To optimize performance of the best coagulant by using RSM. 
 
 To determine the performance of ion exchange (strong acid cation and 
chelating resin) on the nickel removal process. 
 
 
 
 
1.4  Research Scope 
 
 
 The scope of this research includes: 
 
 The study is carried out in a lab-scale operation which utilized the actual 
electroless wastewater by analyse the characterization as the influent.   
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 Study the nickel, COD, TSS and turbidity removal efficiency of the various 
coagulants (chitosan, WPC6001, ferric chloride and polyacrylamide (PAA)) 
at different pH levels(4 – 11) and coagulant dosages. 
 Evaluating the optimum pH and coagulant dosage for PAA using response 
surface methodology (RSM). 
 Study the performance of different ion exchange (strong acid cation and 
chelating resin) on nickel removal at pH 4.  
 Evaluate the operation condition for chelating resin at different pH and 
contact time. 
 
 
 
 
1.5      Significance of The Study 
 
 
 Large quantities of trace metals such as nickel are discharged from various 
industrial processes into the environment; endanger humans as well as flora and 
fauna.  Growing public concern about environmental protection/sustainability and 
public health has led to the enactment of environmental laws and environmental 
standards being set up.  Therefore, to meet these standards, there is an urgent need 
for manufacturers to minimize release of these metallic pollutants into bodies of 
water by treating the wastewater prior to discharging it into the environment.  
 
 
 This has prompted more researches to be conducted to find more efficient 
ways to remove these nickels from the wastewater before being released into the 
environment.  Therefore, the result from this research will serve as a guide to treat 
wastewater for electroless industries, regulatory bodies and policymakers. 
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1.6 Organization of the Thesis 
 
 
 This thesis consists of five chapters. Each chapter gives information about a 
specific research area.  
 
 
 Chapter 1 details the research background, research aim and objectives as 
well as the scope of the study.  
 
 Chapter 2 reviews literature on general information on nickel, electroless 
plating industry wastewater, coagulation-flocculation method and ion 
exchange. 
 
 Chapter 3 covers a general description of the experimental setup and the 
procedures in carrying out the research work.  It includes: sample collection 
and characterization, assessment of nickel removal efficiency by different 
coagulants, assessment of nickel removal efficiency by different ion 
exchange resins and determination of optimum operating conditions for 
chemical precipitation using response surface methodology (RSM). 
 
 Chapter 4 presents and discusses the results of the research.  It includes the 
effect of pH and coagulant dosage on the efficiency of nickel removal.  The 
performances of various ion exchange resins are discussed. Finally, the 
results of the optimization process using RSM is presented. 
 
 Chapter 5 deals with conclusions and recommendations.  It presents the 
conclusions derived from this research study and recommendations for future 
studies. 
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